Society of Mechanical Engineers

HABM SR E (CHR
63 % 607 5 (1997-3)

945

3 No. 96-0409

MEYMEDIE ) RREDEERR*

=3

=]

1 U1 N R - S 1<

Analysis of Sensibility Factor for Grasping of a Solid Cylinder

Tsuyoshi TAKANO, Hitoshi YAMAMOTO and Toshiaki HARA

In this work, a grip force dynamometer composed of pressure-sensitive conductive rubber was
used to study the sensibility characteristics for grasping of a solid cylinder. The mechanical and
physical parameters for ten normal male subjects (aged between 22 and 26) were measured at various
cylinder diameters and weights. In addition, a direct linear transformation technique employing a
video camera system was developed to determine the finger joint motion used to grasp the cylinder.
The experimental results showed that the frictional coefficien of a palm is significantly dependent
upon the deform ability of the soft tissue of the palm. It was found that the optimum cylinder
diameter for easy grasping is nearly equal to the inner grip diameter formed by the fingers.
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Tablel Physical parameters for hand

(Unit : mm)
Subect | Hand | Palm | Hand gr‘;;ef Inner
ubject grip
length length breadth diameter | diameter
A 185 105 85 89 41
B 178 103 83 84 40
C 186 106 89 89 39
D 182 98 76 7 32
B 177 98 79 88 39
F 179 102 87 84 34
G 187 109 86 91 38
H 178 104 80 80 34
I 188 105 86 85 37
J 181 107 83 83 37
Average 182.1 103.7 83.4 85 37.1

Hand length
L.

" Palm Iength \

)

Outer grip diameter

Fig.1 Geometry of hand and fingers
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Pressure-sensitive Aluminum plate
conductive rubber \

Electrode Cylinder Lead

Fig.2 Geometry of grip force dynamometer

A/D | Personal
Converter - computer

Grip force dynamometer

Y,
Armchair

Fig.3 Experimental set up
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Surface
electromyogram
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Fig. 4 Geometry of surface electromyogram electrode
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Fig.5 Marker location
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Personal computer
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™ Cylinder

Fig.6 Determination of contact-area on the cylinder

3 Element force Weight B =(X2+Y)2/Z
dynamometer A
Y - ~
X
Z
Cylindrical
protrusion

Fig. 7 Measurement of frictional coefficient
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Fig.8 Grip characteristics by semantic differential

technique
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Fig. 9 Integrated EMG of muscle force at prehension
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Fig. 11 Contact area on the palm under grip motion

Variation of contact area with cylinder diameter
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Fig.12 Variation of frictional coefficient with contact
area and normal force
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Fig.13 Variation of frictional coefficient with contact
pressure
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Flg 14 Variation of grip force with cylinder diameter
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Fig.15 Variation of contact pressure with cylinder
diameter and weight
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Fig.16 Variation of frictional coefficient with cylinder
diameter and weight

~
ge=tTOT T Sl ~
~oo AN
“S—H_;‘_E
. ~o -
Hold force W= — - — — @ _ _ g __ g
@ @ — s - e = [ -

Hold force & Grip force (N)

20 30 40 50 60 70
Cylinder diameter (mm)

Fig.17 Characteristics of hold force and grip force

— 316 —

NACSI|I S-El ectronic Library

Service



The

Japan

Society of Mechanical Engineers

HEYHH o R

BE o @EH 951

EREEGD, Lo, BUVBIERTLIEY L3,
B D 4 48 L PEIOIZ i, WHEREHO ML
Sl FHRELETHE 2 E,ATTEBIRETH 2 L&
Zo6hb, 2025, BRHEVSOHBERY,
1R U 72348 & s D Sl b3 i 7 RE &
NEZMORAERTH 2B ARC—HT 2 Lk
5, 72120, 2ZTEREBEYSVWHBEER L L TH 38
mm DEZER LD, ORI, WEBREDFEDY
ARXRCEFELR T, Lo T, KERZ2HET 2
ETlEEL CRTHEREORE Y REOEEE TR L
ERTALD 7z D OHEE 1.024 L FOBYNEL LD
WHEELI:ETRBV BRI 2T 2 I BEETDH
%,

4. #%

MEOEY ZX2HsMICT 27201, AGOER
LEBRBLAEZIBEDTIFENNT A — 5 RN
R, UTOHR 25,

(1) EEMNMIBmmETERICBVWTBENB LV
ZTDEENFRIIER LY, BRI L 2R HED
BOERIC—ET 5,

(2) #WE LYo mESHN 2 FOE Y NE
i, ERERHEIC L 2R VBV BVLER L BT 5.

(3) FEEMEMOBERREE, BEHKROE

il

S ERBEORE 2R R, BB, B, &
AFEETICR & {RET 5.

X Bk

(1) Kinoshita, H., &2 2 4, Contributions and co-
ordination of individual fingers in multiple finger pre-
hension, Ergonomics, 38-6 (1995), 1212-1230.

(2) Radwin, R. G, iZ# 3 4, External finger forces in sub-
maximal five-finger static pinch prehension, Er-
gonomics, 35-3 (1992), 275-288.

(3) Buchhplz, B, iE# 24, An investigation of human
palmar skin friction and the effects of materials, pinch
force and moisture, Exgonomics, 31-3 (1988), 317-325.

(4) Gurram, R., 1E5 24, A study of hand grip pressure
distribution and EMG of finger flexor muscles under
dynamic loads, Exgonomics, 38-4 (1995), 684-699.

(5) #lzif, /\Ekek - 130 2 4, F-AEWEEONOERE,
5, 60-573, C (1994), 235-240.

(6) HARAMIFESEERFHIESHE, £ oEEb B
T 5 mEE, AMIE, 6-1 (1970), 25-41.

(7) MEREZFEBRBORE, 1% EEKE O S FaHEE—S S
FEEr DT O AT ENER—, (1980).

(8) HAHKKEGSE BERAOFKFATHREES PR
SPEREHEMER D 72 0 D—, (1978-1981), HARE RS,

(9) BREE - 13214, BEARAEF 112 40 54 HE 44
FHAME & 2 5 & OREU: © N HEBIGR SR, MESIEMEEE, 53-
3 (1978), 238-247.

(10) $Iz1Z, Cnockaert, J.C., 1Z» 24, Relative contribu-
tion of individual muscles to the isometric contraction
of a muscular group, J. Biomech., 8 (1975), 191-197.

— 317 —

NACSI|I S-El ectronic Library

Service



